The herpes simplex virus (HSV) ICP27 immediate-early protein plays an essential role in the expression of viral late genes. ICP27 is a multifunctional protein and has been reported to regulate multiple steps of mRNA synthesis and processing, including transcription, splicing, and nuclear export. Recently, ICP27 was reported to interact with translation factors and to stimulate translation of the viral late mRNA encoding VP16. We examined the effects of ICP27 on accumulation, nuclear export, and translation of HSV 1 (HSV-1) late mRNAs encoding VP16, ICP5, and gD. We confirm here that ICP27 stimulates translation of VP16 mRNA as well as an additional HSV-1 late ICP5 mRNA. The data presented here demonstrate that translation levels of both VP16 and ICP5 mRNA is reduced during infections with the ICP27-null virus mutant d27-1, and with ICP27 C-terminal deletion mutant viruses n406 and n504, compared to wild-type virus. In contrast, the translation of gD mRNA is not affected by the presence of ICP27 during infection. These data demonstrate that ICP27 functions to increase the translation levels of a subset of HSV-1 late genes, and this function requires the C terminus of ICP27.
Herpes simplex virus 1 (HSV-1) gene expression is regulated in a temporal pattern, where immediate-early, early, and late genes are expressed sequentially, and each group is dependent upon the expression of the preceding group of proteins. HSV-1 late genes can be further subdivided into two classes: ␥ 1 leakylate genes, and ␥ 2 true-late genes. True-late genes require immediate-early and early proteins, as well as viral DNA replication for efficient expression, while leaky-late expression occurs at low levels prior to DNA replication (reviewed in ref- erence 35) . ICP27 is required for efficient expression of a subset of early genes involved in viral DNA replication, as well as for efficient late gene expression (34, 36, 47) . Furthermore, we have shown that ICP27 is required for the transcriptional activation of viral late genes, including gC, U L 44 , and U L 47 (17) .
It is well documented that in conjunction with ICP4 and ICP0, ICP27 acts as both a positive and a negative regulator of viral transcription, and this generates a switch in viral gene expression from early to late genes (26, (32) (33) (34) 36) . ICP27 has been shown to interact with a variety of cellular proteins involved in both transcriptional and posttranscriptional processes, including serine/arginine-rich proteins, casein kinase 2, heterogeneous nuclear ribonucleoprotein K, RNA polymerase II, Aly-REF, and TAP, and it is thought that its functions are mediated through interactions with these proteins (4, 5, 7, 38, 39, 48, 51) . However, the exact mechanism by which ICP27 regulates mRNA synthesis and processing remains unclear. ICP27 acts posttranscriptionally to inhibit mRNA splicing, in part by redistributing splicing proteins (12, 31) . In addition, ICP27 has been reported to increase poly(A) processing, as well as viral mRNA export from the nucleus to the cytoplasm (24, 25, 37) .
ICP27 contains both a nuclear export and a nuclear localization signal, which allow it to shuttle between the nucleus and the cytoplasm (13, 27, 44) . ICP27 also contains an arginineand glycine-rich motif, the RGG-box, which allows it to bind to RNA (28) . In addition, ICP27 is known to interact with members of the cellular RNA export machinery Aly/REF and TAP and was shown to stimulate the nuclear export of mRNAs via the REF/TAP pathway in Xenopus laevis oocytes (5, 20, 28) . However, more recent studies have shown that ICP27 is not required in HSV-infected cells for efficient cytoplasmic accumulation of at least certain HSV-1 mRNAs, including the late VP16, gB, and gC mRNAs (8, 29) .
Recent studies have also predicted a role for ICP27 in regulating translation of viral mRNAs. We showed that ICP27 interacts with translation factors (10), and Ellison et al. (9) showed that ICP27 increases translation of VP16 mRNA. ICP27 cosediments with polyribosomes (21) , suggesting that ICP27 associates with polyribosomes. Finally, when ICP27 was tethered to an mRNA, it increased translation of the mRNA after injection into Xenopus oocytes (21) .
WT, d27-1, n504, or n406 virus diluted in cold phosphate-buffered saline containing 0.1% glucose. After 1 h adsorption at 37°C, cells were switched into DMEM containing 1% heat-inactivated bovine calf serum. At 5.5 h postinfection (hpi) the medium was removed and replaced with 3 ml of methionine-cysteinefree DMEM (Gibco) containing 100 Ci of [ 35 S]methionine-cysteine protein labeling mix (Perkin-Elmer)/ml. Cells were harvested at 6 hpi by scraping them into the medium, and cells from four dishes containing the same virus infections were pooled. After one wash in cold PBS, cells were divided into aliquots in four 1.5-ml microcentrifuge tubes. One set of samples was set aside for RNA isolation. The remaining samples were incubated on ice for 30 min in 1 ml of immunoprecipitation buffer (140 mM Tris-HCl [pH 7.5], 20 mM NaCl, 0.5% sodium deoxycholate, 1 mg of bovine serum albumin/ml, 1% NP-40, 10 mM ␤-glycerophosphate, 5 mM NaF, 1 mM phenylmethylsulfonyl fluoride, 1 Complete mini protease inhibitor cocktail tablet [Roche Applied Science, Indianapolis, IN] per 10 ml). Cell lysates were clarified by centrifugation at 10,000 ϫ g at 4°C for 10 min and precleared overnight by incubation with protein A-agarose beads at 4°C. The appropriate antibody was added at a concentration of 2.5 g per 1-ml reaction and incubated at 4°C for 2 h. After four washes in wash buffer (140 mM Tris-HCl [pH 7.5], 20 mM NaCl, 10% NP-40, 1 mM phenylmethylsulfonyl fluoride), the immunoprecipitates were dissolved in gel sample buffer for sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
RNA isolation. Nuclear and cytoplasmic RNA fractions were isolated from infected Vero cells (as described above) by using the RNeasy purification kit (Qiagen) according to the manufacturer's instructions for adherent cells. Cytoplasmic RNA fractions were isolated according to the Qiagen RNeasy protocol for the isolation of cytoplasmic RNA. Subsequently, RNA was isolated from nuclear pellets according to the Qiagen RNeasy protocol for the isolation of total RNA. Total RNA for analysis of RNA levels was isolated by using the RNeasy purification kit for isolation of total RNA or using TRIzol (Gibco) according to the manufacturer's instructions for the isolation of RNA from cells grown in a monolayer.
Northern blot hybridization and analysis. [ ]dATP-labeled DNA probes (Perkin-Elmer) were generated by using the random primer DNA labeling system (Gibco) according to the manufacturer's instructions or T4 polynucleotide kinase (New England Biolabs) according to the manufacturer's instructions. The DNA templates used to make various DNA probes were as follows: for the VP16 (U L 48) gene, the 437-bp template was amplified by PCR from viral DNA by using the primers 5Ј-TGGGCAGCGTTGATAGGAAT-3Ј and 5Ј-GTTTGGGGGTTTTCTCTTCC-3Ј; for the ICP5 (U L 19) gene, the 203-bp probe was amplified by PCR from viral DNA by using the primers 5Ј-CTTAGCACGATCGAGGT-3Ј and 5Ј-GTTCATGTAGGCCAAGCT-3Ј; and for the gD (U S 6) gene, the 342-bp probe was amplified by PCR from viral DNA by using the primers 5Ј-CCGTGATTTTGTTTGTCGTCATAGTGGG C-3Ј and 5Ј-CAAGCGATGGTCAGGTTGTAGGGTTGTTTC-3Ј. To probe for the U3 snRNA, radiolabeled oligonucleotide 5Ј-ACCACTCAGACCGCGTTC TCTCCCTCTCAC-3Ј was used as a probe (6) . All oligonucleotides were obtained from Invitrogen. GAPDH (glyceraldehyde-3-phosphate dehydrogenase) mRNA levels were determined by using 1.3-kb PstI fragment of pUC19-GAPDH as a probe (2) . RNA samples were resolved in a 1% denaturing agarose (SeaKem) gel containing formaldehyde in 3[N-morpholino]propanesulfonic acid. Hybridizations with double-stranded DNA probes were carried out in QuickHyb hybridization buffer (Stratagene) at 68°C for 1 h. Hybridizations with oligonucleotides were carried out in ULTRAhyb-Oligo (Ambion) at 42°C for 16 h, and the filters were exposed to a phosphorimager screen (Amersham Biosciences) and then to Biomax XAR film (Kodak). Quantification of bands on all Northern blots was carried out by using a Typhoon PhosphorImager (GE Healthcare) with ImageQuant software. Levels of viral mRNAs were normalized to GAPDH RNA levels to correct for recovery, because GAPDH levels at 6 hpi have been shown to be similar to levels in mock-infected cells (40) . To ensure that the assay yielded accurate quantification, a 10-fold dilution of total RNA from WT-infected cells was resolved, along with WT and mutant samples, and the values obtained represented a 10-fold decrease in total WT RNA for the diluted samples (results not shown).
SDS-PAGE and phosphorimager analysis. Proteins in the immunoprecipitates were resolved by SDS-PAGE in bis-acrylamide cross-linked 10% polyacrylamide gels at 100 V. Gels were fixed in 10% acetic acid-20% methanol and dried under vacuum for 2 h at 65°C. Dried gels were exposed to a phosphorimager screen (Amersham Biosciences) and then to Biomax XAR film (Kodak). Quantification of protein bands was carried out by using a Typhoon PhosphorImager (GE Healthcare) with ImageQuant software. To ensure that the assay yielded accurate quantification, a dilution series of immunoprecipitate from WT-infected cells (30, 15, 7.5 , and 3.75 l) was used to construct a standard curve, which showed a linear response.
RESULTS

ICP27 is required for the efficient expression of viral proteins VP16, ICP5, and gD.
A recent report (8) demonstrated that ICP27 increases the translation of the HSV-1 late mRNA encoding VP16. We wanted to determine whether ICP27 was specifically stimulating VP16 mRNA translation or whether ICP27 can stimulate translation of additional HSV-1 late mRNAs. We therefore examined expression of two additional late proteins, ICP5 and gD, as well as VP16. We mock infected or infected Vero cells with HSV-1 WT or d27-1 (an ICP27 deletion mutant virus) at an MOI of 20. Cells were pulselabeled with [ 35 S]methionine-cysteine from 5.5 to 6 hpi and harvested. Cells were lysed in immunoprecipitation buffer, and viral proteins were immunoprecipitated from lysates using antibodies specific for VP16, ICP5, or gD. Immunoprecipitates were resolved on an SDS-polyacrylamide gel, and exposed to a phosphorimager screen. Protein synthesis levels were dramatically reduced for VP16, ICP5, and gD proteins during d27-1 infection compared to WT infection (Fig. 1, lane 3) . Therefore, all three proteins were expressed at greatly reduced levels in the absence of ICP27.
ICP27 is not required for cytoplasmic accumulation of ICP5 or gD mRNAs. To determine whether the decrease in protein expression observed during d27-1 infection was due to a defect in mRNA export, we examined cytoplasmic accumulation of viral mRNAs during infection in the presence or absence of ICP27. We mock infected or infected Vero cells with HSV-1 WT or d27-1 at an MOI of 20. Cells were harvested at 6 hpi, and the total RNA was isolated from nuclear and cytoplasmic fractions. Equal amounts of total nuclear and cytoplasmic RNA were resolved in a denaturing formaldehyde gel ( Fig. 2A , B, and C). Consistent with effective separation of nuclei and cytoplasm (30) , the 32S rRNA precursor was observed in the nuclear RNA fractions and was absent from the cytoplasmic fractions, and the mature 28S and 18S rRNAs were located predominantly in the cytoplasm (Fig. 2D ). This demonstrated that our isolation of RNA from separate nuclear or cytoplasmic cellular fractions was successful. Nucleic acids from this gel were transferred to a nylon membrane for Northern analysis. The membrane was first probed with an oligonucleotide specific for U3 snRNA (6, 46) to quantify the amount of nuclear RNA contamination in the cytoplasm (Fig. 2C ). As expected from the RNA gel, the levels of U3 nuclear RNA contamination in the cytoplasm were very low for mock, WT, and d27-1 infections at 13 to 16% (Fig. 2C , lanes 2, 4, and 6), whereas the nucleus contained 84 to 87% of the total cellular U3 RNA (Fig. 2C, lanes 1, 3, and 5 ). This provides further evidence that fractionation of the nuclei and cytoplasm was successful. The membrane was stripped and reprobed for ICP5 or gD mRNAs. The total amount of ICP5 mRNA from d27-1 and the WT nuclear and cytoplasmic fractions was quantitated. The total ICP5 mRNA from the d27-1 infection expressed as a percentage of the total from the WT infection was ca. 26%, and the total gD mRNA was ca. 16% (data not shown), which are values consistent with subsequent studies (see Fig. 4 and 5). In WT infections, ICP5 and gD cytoplasmic mRNA accumulation was similar to d27-1 infections, with 93% of the total ICP5 or gD mRNA located in the cytoplasm ( Fig. 2A and B, lanes 3 and 4). In d27-1 infections the majority (97%) of ICP5 and gD mRNAs was located in the cytoplasmic fraction, whereas the nuclear fraction contains only 3% of the total ( Fig. 2A and B, lanes 5 and 6). Thus, in the presence or absence of ICP27 during infection, ICP5 and gD mRNAs were exported from the nucleus to the cytoplasm with equal efficiency. The membrane was also stripped and reprobed for VP16 mRNA, and similar results were obtained (data not shown). Consistent with observations from other laboratories for other HSV-1 mRNAs (8, 29), we concluded from these data that ICP27 is not required for efficient export of VP16, ICP5, or gD mRNAs into the cytoplasm. ICP27 increased translation of VP16 and ICP5 mRNAs during HSV-1 infection, but not of gD mRNA. It had been documented that ICP27 affects the accumulation of mRNA of HSV-1 late genes; therefore, to examine translation of these mRNAs it was necessary to quantify the amount of mRNA present to account for effects on the mRNA prior to the initiation of translation (17) . For measurement of translation efficiencies, we compared the steady-state levels of mRNA to the levels of protein synthesis and the normalized levels during infections with mutant ICP27 viruses to the levels obtained during infection with WT virus. Vero cells were either mock infected or infected at an MOI of 20 with HSV-1 WT, d27-1, n504, or n406 viruses (Fig. 3A, 4A, and 5A, lanes 1 to 5) . Cells were pulse-labeled with [
35 S]methionine-cysteine at 5.5 hpi and harvested at 6 hpi. Aliquots of the cells were either lysed or set aside for RNA isolation. Viral proteins were immunoprecipitated from lysates using antibodies specific for VP16, ICP5, or gD, and immunoprecipitates were resolved by SDS-PAGE (Fig. 3A, 4A , and 5A, respectively). For Northern analysis, equivalent amounts of total RNA were resolved on a denaturing formaldehyde agarose gel stained with ethidium bromide. The positions of 28S and 18S rRNAs are indicated in the figures (Fig. 3C, 4C , and 5C, the left side of each panel). The nucleic acids were transferred onto a nylon membrane, and the membrane was hybridized with a probe specific for VP16, ICP5, or gD mRNAs (Fig. 3B, 4B , and 5B, respectively), stripped, and rehybridized with a probe specific for GAPDH (data not shown). All viral mRNA values were normalized to GAPDH mRNA values, and no statistically significant changes in levels of GAPDH were observed between mock and infected samples in these samples (data not shown).
The data shown in Fig. 3, 4 , and 5 are the averages of results from three separate experiments for mRNA and protein levels. The VP16 mRNA levels in d27-1-infected cells were ca. 20% of levels in WT virus-infected cells, and the VP16 protein levels in d27-1-infected cells were ca. 1% of levels in WT virus-infected cells (Fig. 3D) , which is an ϳ20-fold decrease in protein expression. ICP5 mRNA levels in d27-1-infected cells were ca. 20% of levels in WT virus-infected cells, and ICP5 protein levels in d27-1-infected cells were ca. 8% of levels in WT virus-infected cells (Fig. 4D) , which is an approximately two-to threefold decrease in protein expression. It appeared that ICP27 can increase protein expression of ICP5 mRNA, but the effect was not as dramatic as that observed with VP16. gD mRNA levels in d27-1-infected cells were ca. 14% of levels in WT virus-infected cells, and gD proteins levels in d27-1-infected cells were ca. 13% of levels in WT virus-infected cells (Fig. 5D) . Thus, gD mRNA translation was equivalent in the presence or absence of ICP27. Therefore, these data suggested that ICP27 can increase the translation of specific late mRNAs.
The C terminus of ICP27 is required for increased translation of ICP5 and VP16 mRNAs. Because the C terminus of ICP27 has been shown to be important for stimulating translation in an mRNA reporter assay system, we determined the effect on protein synthesis during infection with the two Cterminal deletion viruses n504 and n406, which lack the Cterminal 8 and 106 amino acid residues of ICP27, respectively (Fig. 3, 4 , and 5) (21) . Experiments were performed as described above. VP16 mRNA levels in n504-infected cells were ca. 35% of the levels in WT virus-infected cells, and VP16 proteins levels in n504-infected cells were ca. 4% of the levels in WT virus-infected cells (Fig. 3D) , which is an ϳ9-fold decrease in protein expression. VP16 mRNA levels in n406-infected cells were ca. 25% of the levels in WT virus-infected cells, and VP16 proteins levels in n406-infected cells were ca. 4% of the levels in WT virus-infected cells (Fig. 3D) , which is 3 and 4) or d27-1 (lanes 5 and 6). Cells were harvested at 6 h postinfection, and RNA was isolated from nuclear (N) and cytoplasmic (C) fractions. Equal amounts of total RNA were resolved on a denaturing formaldehyde agarose gel stained with ethidium bromide. The positions of 28S and 18S rRNAs are indicated on the left side in panel D. The membrane was hybridized with a probe specific for U3 snRNA (C), stripped, and rehybridized with a probe specific for ICP5 (A) or gD (B). The percent total values represent the percentage for each fraction (N or C) relative to the total for the sample. an ϳ6-fold decrease in protein expression. These data indicated that the C terminus of ICP27 was required for efficient translation of VP16 mRNA. ICP5 mRNA levels in n504-infected cells were ca. 25% of the levels in WT virus-infected cells, and ICP5 proteins levels in n504-infected cells were ca. 18% of the levels in WT virusinfected cells (Fig. 4D) , so reduction in mRNA and expression were similar. However, ICP5 mRNA levels in n406-infected cells were ca. 20% of levels in WT virus-infected cells, and ICP5 proteins levels in n406-infected cells were ca. 6% of levels in WT virus-infected cells (Fig. 4D) , which is an ϳ3-fold decrease in protein expression. These data suggested that the C terminus of ICP27 was required for the effect observed on ICP5 protein expression, because the effect was similar to that observed during infection in the absence of ICP27. However, unlike what we observed for VP16, ICP5 protein expression did not appear to be affected by the last eight amino acid residues of the C terminus. As observed for gD during infections with d27-1, we also observed that infections with n504 and n406 generated an mRNA/protein ratio equivalent to that for WT virus (Fig. 5D) . Accordingly, gD protein expression did not appear to be affected by the C terminus of ICP27. We can conclude from the data presented here that ICP27 increases the translation of certain late mRNAs but exhibits no effect on the translation of at least one other late mRNA.
DISCUSSION
In this study we present evidence that ICP27 increases the translation of a subset of HSV mRNAs and that the C terminus of ICP27 is important for this function. We found that ICP27 increased ICP5 mRNA translation, in addition to VP16 mRNA translation, but had no effect on gD mRNA translation. We examined translation during infection with two ICP27 C terminus truncation mutant viruses, n504 and n406, from which the last 8 and 106 amino acids, respectively, are deleted. We found that for VP16 mRNA an intact C terminus is required for efficient translation because both the n504 and the n406 deletions showed decreases in translation similar to that observed for the ICP27-null virus. For ICP5 mRNA, the n406 deletion showed similar decreases in translation to the ICP27-null virus, while the n504 deletion showed a less dramatic decrease for translation. However, the n504 deletion did still appear to decrease translation of ICP5 mRNA, and it can be concluded that an intact C terminus is required for efficient translation of both VP16 and ICP5 mRNA.
Role of ICP27 in late mRNA translation. The multifunctional ICP27 protein has been studied extensively and has been proposed to play multiple roles in mRNA metabolism from transcription to posttranscriptional processes and, more recently, to play a role in increasing translation (8, 21) . However, the exact mechanisms of many of its functions remain unclear. We previously showed that ICP27 interacts with translation factors during HSV-1 infection (10), and in the present study we have shown that ICP27 also increases the translation rates of certain HSV-1 late genes. It may be that interactions with translation factors are required for efficient translation of specific viral mRNAs. ICP27 could be transporting viral mRNAs to sites of translation through these interactions. Another idea is that ICP27 could be loading translation factors onto viral mRNAs in the nucleus. It has been shown that translation factors PABP and eIF3, which have both been shown to associate with ICP27, are present in the nucleus (1, 10, 14, 41) .
In our experiments we observed that ICP27 is required for efficient translation of VP16 mRNA, which is consistent with observations made by another group (8), as well as having a moderate effect on translation of ICP5 mRNA. We did not observe any effect of ICP27 on translation of gD mRNA.
A previous study, which compared the rates of gD protein synthesis and mRNA accumulation at various times postinfection, suggested that gD expression was regulated translationally because these researchers found that gD protein levels began to decline even as mRNA accumulation increased during infection (19) . However, another study found that the rates of synthesis for gD mRNA closely correlated with levels of polysome associated gD mRNA over the course of infection (42) , and this is consistent with our results examining gD translation during WT and ICP27 mutant infections.
Laurent et al. (22) showed that over the course of HSV-1 infection for all viral mRNAs there is a gradual shutoff of viral mRNA translation caused by a shift from polyribosomes to monoribosomes, a finding similar to that observed for cellular mRNAs. VP16 mRNA was shown to be associated with polyribosomes at 12 hpi during WT infection of VP16 mRNA, and only in the absence of ICP27 shifted to monoribosomes (8) . However, it may be more informative to examine ribosome association over a time course of infection, because any actual shift would not have been observed at only one time point. ICP27 has also been observed in association with polyribosomes during infection (21); thus, it is possible that if the shift is occurring for all viral and cellular mRNAs that ICP27 plays some role in delivering select mRNAs to newly made polyribosomes. Because ICP27 seems to act in a selective manner to increase VP16 and ICP5 mRNA translation, it would be informative to determine whether ICP27 also can increase the association of ICP5 mRNA with polyribosomes. The selectivity exhibited by ICP27 does not appear to be sequence specific because a sequence comparison of VP16 and ICP5 5Ј and 3Ј untranslated regions showed no obvious similarity (data not shown). However, there may be a structural component of similarity that is not obvious by sequence comparison. In addition, ICP27 binds to multiple HSV-1 mRNAs, including VP16 and ICP5; however, no similar region or motif among the RNAs has been reported (37, 43) .
ICP27 and mRNA Export. Previously, ICP27 was reported to be required for efficient nuclear export of viral mRNAs (37). However, our results, as well as those of two previous studies (8, 29) , showed that HSV-1 late mRNAs VP16, ICP5, gB, gC, and gD are all exported into the cytoplasm in the absence of ICP27. In the present study we showed that while the total abundance of ICP5 and gD mRNAs is reduced during infection in the absence of ICP27, the mRNAs that are present during d27-1 infection accumulate in the cytoplasm as efficiently as during HSV-1 WT infection. Taken together, these data demonstrate that ICP27 is not required for efficient nuclear export of these viral late mRNAs and possibly more viral late mRNAs.
ICP27 shuttles from the nucleus to the cytoplasm, binds to HSV-1 mRNAs, and interacts with members of the cellular mRNA export machinery Aly/REF and TAP (3, 5, 16, 27, 28, 44) . It may be that the interactions of ICP27 with Aly/REF and TAP facilitate the export of viral mRNAs during WT infection, since Koffa et al. (20) demonstrated that ICP27 stimulates the export of viral intronless mRNAs, but not cellular mRNAs, after microinjection into X. laevis oocytes, although these interactions are not required for late mRNAs to be exported. It is possible that viral late mRNAs are exported via a different pathway in the absence of ICP27 or that viral late mRNAs continue to be exported via the REF/TAP pathway even in the absence of ICP27. In addition, TAP has been reported to play a role in promoting the translation of unspliced mRNA (18) , and Aly/REF has been reported to enhance transcriptional promoter activity (45) . It may be that ICP27 interactions with Aly/REF and TAP facilitate late mRNA transcription and translation, respectively, and that the role in late mRNA export is minimal. Chen et al. (4) showed that Aly/REF, but not TAP, is recruited by ICP27 to viral transcription sites during WT infection, which leads one to speculate that Aly/REF may play a role in activating viral transcription. It remains to be determined whether any of these effects are operative in HSVinfected cells.
Multifunctional C terminus of ICP27. The C terminus of ICP27, which is involved in numerous protein-protein interactions, is also necessary for its effects on viral replication and transcription, alteration of cellular splicing machinery and, based on data generated in the present study and from a previous study, the stimulation of translation (11, 17, 21, 26, 33, 34, 39) . It is unlikely that the C terminus of ICP27 by itself can carry out its multiple functions, given that a deletion of the entire N terminus (mutant virus d1-5) generates a virus that acts very much like the d27-1-null virus, although this N-terminal deletion may alter the structure and function of the C terminus (23) . It is more likely that alterations in the C terminus of ICP27 cause misfolding of the protein or structural changes, which deleteriously affect its functions. ICP27 requires its C terminus for self-interaction, and it is interesting to speculate that this self-interaction may be required for ICP27 to function properly (50) .
Based on these studies we conclude that ICP27 plays a role in stimulating the translation of certain viral mRNAs. Further- more, ICP27's interactions with translation factors may provide a mechanism for this observed translational effect. Further studies are needed to define the protein-protein interactions needed for ICP27 to stimulate late mRNA translation and to define the effects of ICP27 on localization of late viral mRNA in infected cells in order to elucidate the mechanism of action of the ICP27 multifunctional regulatory protein.
